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(54) Transmission shift rail position sensor
(57) The invention relates to a shift rail position sens-
ing system in a transmission shift mechanism (10) in
which shifts are selected by axially moving a shift rail (14)
which is slidable in a rail bore (16, 18) in a housing (12).
The shift rail position sensing system comprising a
groove (40) formed in the shift rail (14) and a Hall effect
position sensor (26). The groove (40) includes a bottom
center surface, a first flat ramp surface extending from
one side of the bottom center surface to an outer periph-
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eral surface of the shift rail (14), and a second flat ramp
surface extending from a second side of the bottom cent-
er surface to an outer peripheral surface of the shift rail
(14). The Hall effect position sensor (26) has a sensor
shaft (28) having an axis which is perpendicular to an
axis of the shift rail (14). The sensor shaft (28) has a
sensing tip (30) which is adjacent to and spaced apart
from the groove (40), so that the Hall effect position sen-
sor (26) is sensitive to an entire range of positions of the
shift rail (14).
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Description

[0001] The present invention relates to a shift rail po-
sition sensing system in a transmission shift mechanism.
[0002] Certain large production tractors have trans-
missions which are shiftable among a plurality of shift or
gearranges. Forexample, on transmissions used in John
Deere 7030 large-frame tractors, range shifts among five
ranges are performed with a manually-actuated clutch
arrangement.

[0003] Itis proposed to perform such shifts electroni-
cally with a mechanism which includes a range-selection-
shaft or shift rail which is axially moved to control the
meshing of synchronizers and gears. The synchronizers
and gears are fully meshed only within the last 1.0 mil-
limeters of rail travel. It is therefore necessary to accu-
rately sense the position of a shift rail in order to prevent
clutch engagement before the synchronizers are fully en-
gaged with gears. Therefore, a position sensing system
is needed to sense when the shift rail has successfully
made the transition into the selected range.

[0004] Because the shift rail must travel through a total
distance of approximately 20 millimeters, itis not possible
to accurately sense shift rail position throughout the en-
tire travel range using a conventional inductive or Hall
effect position sensor inline with the shift rail. Also, ge-
ometry constraints limit access to the end of the shift rail.
Thus, a position sensing system is needed which is dis-
placed radially from the shift rail, and which can rapidly
and accurately sense when the shift rail is within the last
1.0 millimeters of rail travel.

[0005] Accordingly, an object of this invention is to pro-
vide a shift rail position sensing system in a transmission
shift mechanism for accurately and rapidly sense the po-
sition of the shift rail.

[0006] These and other objects are achieved by the
present invention, which relates to a shift rail position
sensing system in a transmission shift mechanism in
which shifts are selected by axially moving a shift rail
which is slidable in a rail bore in a housing. The shift rail
position sensing system comprising a groove formed in
the shift rail and a Hall effect position sensor. The groove
includes a bottom center surface, a first flat ramp surface
extending from one side of the bottom center surface to
an outer peripheral surface of the shift rail, and a second
flat ramp surface extending from a second side of the
bottom center surface to the outer peripheral surface of
the shift rail. The Hall effect position sensor has a sensor
shaft having an axis which is perpendicular to an axis of
the shift rail. The sensor shaft has a sensing tip which is
adjacent to and spaced apart from the groove, so that
the Hall effect position sensor is sensitive to an entire
range of positions of the shift rail.

[0007] For a complete understanding of the objects,
techniques, and structure of the invention reference
should be made to the following detailed description and
accompanying drawings, wherein similar components
are designated by identical reference numerals:
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Fig. 1 is a perspective sectional view of a portion of a
transmission shift mechanism embodying the
invention,

Fig. 2 is an enlarged detailed sectional view of a shift
rail being part of the transmis- sion shift mech-
anism according to Fig. 1, and

Fig. 3  is a sectional view of the shift rail according to
Fig. 2 taken along intersection line 3-3.

[0008] Referring to Fig. 1, a transmission shift mech-
anism 10 includes a hollow housing 12 which encloses
a plurality of range selector or shift rails 14, one of which
is shown in Fig. 1. The shift rail 14 slides over a distance
of approximately 20 millimeters in rail bores 16 and 18
formed in the housing 12. The movement of the shift rail
14 is controlled by a hydraulic actuator 20. A shift fork 22
is fixed to a central part of the shift rail 14. The shift fork
22 operatively engages with transmission gears (not
shown). The hydraulic actuator 20 includes a piston 19
attached to an end of the shift rail 14. Hydraulic pressure
will be supplied to either side of the piston 19 to move
the shift rail 14 to the desired position. When pressure is
not applied to the piston 19, the shift rail 14 is held in a
neutral position by springs 21 and 23. The housing 12
forms a chamber 13. The shift fork 22 is attached to the
shift rail 14 within the chamber 13.

[0009] The housing 12 also forms a sensor bore 24.
The sensor bore 24 has an axis which intersects the shift
rail 14, and is preferably oriented perpendicularly with
respect to the longitudinal axis of the shift rail 14 and rail
bores 16 and 18. The sensor bore 24 intersects or opens
into the chamber 13. A Hall effect position sensor 26 is
threadably mounted by means of its sensor shaft 28 in
the sensorbore 24. Hall effect position sensor 26 includes
a cylindrical housing or sensor shaft 28 which extends
towards the shift rail 14. As is well known, inside the sen-
sor shaft 28 and near an inner end or sensing tip 30 is
mounted a permanent magnet 32 and a Hall effect sensor
element 34. The Hall effect sensor element 34 is prefer-
ably analog and back-biased. A recess or groove 40 is
formed in the side of the shift rail 14 in close proximity to
the sensing tip 30 of the sensor shaft 28.

[0010] As bestseenin Figs. 2 and 3, the groove 40 is
preferably symmetrical about a central plane P. Bottom
center surface 42 of the groove 40 may be flat or curved.
Preferably, bottom center surface 42 is curved and up-
wardly concave. The groove 40 also includes a first flat
ramp surface 44 and a second flat ramp surface 46. The
center bottom surface 42 has a center of curvature C
located in central plane P and a radius of curvature R of
preferably about 11.25 millimeters. The first and second
flat ramp surfaces 44 and 46 are oriented at an angle A
of preferably approximately 33 degrees with respect to
a main axis of the shift rail 14. The first and second flat
ramp surfaces 44 and 46 extend from the bottom center
surface 42 to first and second outer edges 48 and 52
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which intersect or join with outer peripheral surface 50
of the shift rail 14. The distance between the first and
second outer edges 48 and 52 is preferably about 25.72
millimeters, and should be about the same as the maxi-
mum distance the shift rail 14 travels over as it moves
the shift fork 22 to perform transmission shifts. In other
words, the groove 40 is bordered by the first and second
outer edges 48 and 52, wherein the firstand second outer
edges 48 and 42 are spaced apart by a distance which
is similar a shift distance through which the shift rail 14
moves as a transmission shift is performed.

[0011] Surfaces 42, 44 and 46 are preferably formed
by a milling operation. The exact shape and dimensions
ofthe groove 40 can be adapted for different applications.
[0012] The poles of the permanent magnet 32 are pref-
erably located along the major axis of the sensor shaft
28, perpendicular to the nominal outside diameter of the
shift rail 14. The permanent magnet 32 has a magnetic
field through which extends the portion of the shift rail 14
which includes the groove 40, so that movement of the
shift rail 14 produces changes in the magnetic field. As
the shift rail 14 moves left and right relative to the Hall
effect position sensor 26 the air gap between the Hall
effect position sensor 26 and the contour of the groove
40 varies. Air gap changes create varying levels of mag-
netic flux density at the Hall effect sensor element 34,
and the latter modulates its output voltage based on the
flux density at the Hall effect sensor element 34. This
position signal generated by Hall effect sensor element
34 can be used by a transmission controller (not shown)
as follows: The transmission controller will disengage a
traction clutch (not shown) before the transmission shift
mechanism 10 is commanded to perform a range shift.
After the range shift is finished the clutch will modulate
back to system pressure. The time to complete a shift
will depend on current range and commanded range,
temperature, top shaft RPM, wheel speed, and load. With
the above described shift rail position sensing system,
the position of the grooves in each shift rail can be accu-
rately and quickly monitored so that the clutch can be
engaged immediately after the shift has been completed.
This feedback will minimize the amount of delay of clutch
engagement for all conditions.

[0013] The resulting shift rail position sensing system
is impervious to wear affects because there are no points
of contact between the Hall effect position sensor and
the shift rail. This sensing system also provide a contin-
uous, rather than a discrete or step-wise output signal.
Also, this sensing system does not require unusually tight
positional tolerances between the shift rail and the Hall
effect position sensor. This capability directly reduces
manufacturing costs as machining tolerances are not ex-
cessively small.

Claims

1. Ashiftrail position sensing system in a transmission
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shift mechanism in which shifts are selected by ax-
ially moving a shift rail (14) which is slidable in a rail
bore (16, 18) in a housing (12), wherein the system
comprising a groove (40) formed in the shift rail (14),
the groove (40) including a bottom center surface
(42), afirst flat ramp surface (44) extending from one
side of the bottom center surface (42) to an outer
peripheral surface (50) of the shift rail (14), and a
second flat ramp surface (46) extending from a sec-
ond side of the bottom center surface (42) to the
outer peripheral surface (50) of the shift rail (14); and
a Hall effect position sensor (26) having a sensor
shaft (28) having an axis which is perpendicular to
an axis of the shift rail (14), and the sensor shaft (28)
having a sensing tip (30) which is adjacent to and
spaced apart from the groove (40), so that the Hall
effect position sensor (26) is sensitive to an entire
range of positions of the shift rail (14).

The shift rail position sensing system according to
claim 1, characterized in that the bottom center
surface (42) is curved and upwardly concave.

The shift rail position sensing system according to
claim 1 or 2, characterized in that the bottom center
surface (42) and the first and second flat ramp sur-
faces (44, 46) are formed by a milling operation.

The shift rail position sensing system according to
claims 1 to 3, characterized in that the housing (12)
forms a sensor bore (24) oriented perpendicularly
with respect to the rail bore (16, 18), and the sensor
shaft (28) is mounted in said sensor bore (24).

The shift rail position sensing system according to
claims 1to 4, characterized in that the housing (12)
forms a chamber (13), and the sensor bore (24) in-
tersects into the chamber (13).

The rail position sensing system according to claims
1 to 5, characterized in that the groove (40) is bor-
dered by first and second outer edges (48, 52), and
said firstand second outer edges (48, 42) are spaced
apart by a distance which is similar a shift distance
through which the shift rail (14) moves as a trans-
mission shift is performed.

The rail position sensing system according to claims
1 to 6, characterized in that a permanent magnet
(32) is mounted inside the sensor shaft (28) near the
sensing tip (30), the permanent magnet (32) having
a magnetic field through which extends the portion
of the shift rail (14) which includes the groove (40),
movement of the shift rail (14) producing changes in
the magnetic field; and a Hall effect sensor element
(34) is mounted inside the sensor shaft (28) near the
sensing tip (30) so that the Hall effect position sensor
(26) detects changes in said magnetic field through
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an entire range of positions of the shift rail (14).
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